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Abstract 
Background: Unilateral vocal cord immobility (UVCI) negatively impacts the ability to provide 
adequate and safe nutrition to neonates after cardiac surgery (Dewan, Cephus, Owczarzak, & 
Ocampo, 2012; Strychowsky, Rukholm, Gupta, & Reid, 2014).  
Purpose: The purpose of this study is to evaluate the incidence and risk factors of UVCI in 
patients (0-30 days old) undergoing cardiac surgery to promote earlier diagnosis, standardize 
management, safer feeding and decreased length of stay.  
Methods: This is a retrospective chart review of all infants who underwent cardiac surgery 
within the first 30 days of life during a one year period. 
Evaluation: Data was received de-identified from the PC4 database and analyzed. Descriptive 
analysis was utilized to determine incidence of vocal cord immobility.  
Results: The incidence of UVCI was 6.7%. There were no statistically significantly risk factors, 
although there was predominance in female infants (66.7%) and those with aortic arch 
involvement (88.9%). Birth weight, gestational age, age and weight at the time of surgery and 
length of stay were not found to be risk factors for UVCI.  
Clinical Implications: Without evaluating all patients, true incidence of UVCI cannot be 
determined. The lack of heterogeneity and insignificant number of patients with UVCI precludes 
risk factor identification. Future research should include prospective studies to reveal true 
incidence of UVCI, as well as standardizing the at management and future recovery of vocal 
cord function.  
Keywords: vocal cord paralysis, congenital heart surgery, post operative feeding 
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Incidence and Risk Factors of Neonates with Vocal Cord Immobility after Cardiac Surgery  
Problem Identification and Significance 
 Congenital heart disease affects almost 1 out of every 100 live births in the United States 
(Hoffman & Kaplan, 2002). Of the nearly 40,000 infants born with heart disease each year, about 
25% of them will require surgery within the first year of life (Reller, Strickland, Riehle-
Colarusso, Mahle, & Correa, 2008). Almost 25% of infants that undergo cardiac surgery are 
classified as failure to thrive (Medoff-Cooper & Ravishankar, 2013). Inadequate nutrition after 
cardiac surgery is a complex, multifactorial problem that is associated with negative outcomes 
and prolonged hospitalizations (Medoff-Cooper & Ravishankar, 2013; Strychowsky et al., 2014). 
Unilateral vocal cord immobility (UVCI) negatively impacts the ability to provide adequate and 
safe nutrition to infants (Jabbour, Martin, Beste, & Robey, 2014; Pham, Connelly, Wei, Sykes, & 
O'Brien, 2014; Spataro, Grindler, & Paniello, 2014).  
Unilateral vocal cord immobility (UVCI) is the incomplete adduction or abduction of the 
vocal cords (Truong et al., 2007). Cardiac surgery is the most common cause of UVCI in infants 
(Jabbour et al., 2014). Swallowing difficulties associated with UVCI delay postoperative 
recovery and contribute to major morbidity, including high risk for aspiration (Averin et al., 
2012; Kohr et al., 2003). The literature indicated there is a clear and compelling evidence for 
assessment of UVCI before initiation of feeds in this early postoperative pediatric population.  
Assessment of UVCI in the postoperative infant population is critical for early 
identification and evaluation of UVCI in addition to offering anticipatory guidance to families 
(Medoff-Cooper & Ravishankar, 2013; Pham et al., 2014; Strychowsky et al., 2014). Inconsistent 
management approaches and consensus of severity of this problem by health care providers is 
exponentially exacerbated by the lack of standardized approach to UVCI. The creation and 
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adaptation of a standardized approach to UVCI will be based on the incidence and risk factors 
for UVCI in the postoperative cardiac surgery infant. 
A multi-center analysis of excess costs associated with prolonged length of stay 
following congenital heart surgery, found that an additional day above the median length of stay 
had an average excess cost of over $19,000 (Pasquali et al., 2014). These researchers concluded 
that outside of reducing surgical complications requiring re-operation, quality improvement 
initiatives that are able to achieve even modest reductions in the morbidities could lead to both 
improved outcomes and significant cost savings (Pasquali et al., 2014). The National Pediatric 
Cardiology Quality Improvement Collaborative has targeted the optimization of nutritional 
intake as a key initiative to better develop practices that improve growth in children with 
congenital heart defects (Kugler et al., 2009). The early identification of UVCI will allow for 
decrease in delayed nutrition, while decreasing hospital length of stay (Strychowsky et al., 2014).  
Whereas there are multiple published protocols for nutritional intake, there is little 
information about standardization in the assessment, management and follow up for UVCI for 
infants undergoing cardiac surgery. Only two studies have been published with protocols 
relevant to UVCI (Dewan et al., 2012; Pham et al., 2014; Strychowsky et al., 2014). Dewan et al. 
(2012) reported an incidence of 19.7% of UVCI and an average additional 12 days in hospital 
length of stay in patients with UVCI. Pham et al. (2014) identified attending physician 
preferences for the inconsistent adherence to their protocol.  
When presenting current literature on UVCI at an inner city children’s specialty hospital, 
there was low buy in from major stakeholders. Further understanding of the risk factors and 
incidence were requested to help nursing staff and front line providers identify patients at risk for 
UVCI earlier and prevent adverse events and prolongation of hospital stay. It is also imperative 
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to identify all patients with UVCI and further evaluate vocal cord recovery. Truong et al. (2007) 
found only a 35% recovery rate, 45% rate of aspiration and 27% of the 109 children with UVCI 
after cardiac surgery had complications requiring surgical interventions.   
Definitions 
Unilateral vocal cord immobility (UVCI) encompasses both paralysis and paresis of the 
vocal cord (Strychowsky et al., 2014). UVCI is the incomplete abduction or adduction of the 
vocal cord due to impaired laryngeal innervation from the recurrent laryngeal nerve (Truong et 
al., 2007; Williams et al., 2015). UVCI is more frequently seen in the left vocal cord because of 
the asymmetric, anatomical course of the left recurrent laryngeal nerve. The left recurrent 
laryngeal nerve branches from the vagus nerve near the aortic arch and pulmonary artery before 
looping around the aortic arch and traveling to the larynx (Haller, Iwanik, & Shen, 2012; 
Williams et al., 2015). The primary symptoms include weak cry, swallowing or breathing 
difficulties (Kohr et al., 2003).  
The modified barium swallow study is a radiographic study that evaluates anatomy and 
physiology of a patients swallowing ability during oral ingestion of multiple liquid types (Brady 
& Donzelli, 2013; Logemann, 1997). The modified barium swallow study is used in conjunction 
with speech therapy and nursing assessments to identify the infant’s safety with oral intake and 
help direct augmented feeding regimens such as tube feeds and thickened feeds (Hiorns & Ryan, 
2006). It remains the gold standard for the evaluation for safe oral feeding in infants (Brady & 
Donzelli, 2013). 
To evaluate the laryngeal function, an Ear, Nose and Throat (ENT) specialists utilize 
bedside flexible nasopharyngeal laryngoscopy (NPL), which remains the current gold standard 
of the diagnosis of vocal cord immobility in neonates (Noyes & Kemp, 2007). The NPL is a 
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relatively noninvasive, safe and effective procedure that includes a flexible lighted camera that is 
placed through the nares to examine the anatomy and vocal cord movement (Noyes & Kemp, 
2007). Emerging modalities, including electromyography, have little pediatric data but show 
some benefit in prediction of recurrent laryngeal nerve function return (Maturo et al., 2011). 
Evidence Appraisal and Implications 
UVCI is a multi-disciplinary disorder that affects not only hospital length of stay, but also 
the ability for infants to receive adequate nutrition essential to healing and growth after cardiac 
surgery (Medoff-Cooper & Ravishankar, 2013). A literature search was conducted through the 
following databases: Cumulative Index to Nursing and Allied Health Literature (CINAHL), 
PubMed/MEDLINE and Cochrane. Primary intervention related search terms included cardiac 
surgery, cardiothoracic surgery, heart surgery and cardiopulmonary bypass. Outcome related 
search terms included vocal fold, recurrent laryngeal nerve, immobility, mobility, paralysis, 
paresis and injury. Filters were used to include articles from the past fifteen years, patients from 
birth to one year of age, English only and excluding small case series or single case studies. A 
more extensive literature search was conducted for articles within the past five years, more 
specifically from the year before the landmark meta-analysis that was published in 2014 
(Strychowsky et al.).   
Studies were included if they addressed the assessment, identification, diagnosis, 
management and surveillance of UVCI in pediatric patients who underwent cardiac surgery. The 
thirty-two articles included in Strychowsky et al. (2014) were reviewed for relevant risk factors 
and protocols. Along with the landmark meta-analysis, four of the articles included in this 
analysis were further reviewed for additional information on risk factors, protocols and 
assessment techniques. Since the meta-analysis was published in 2014, three articles were 
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incorporated for additional data on risk factors and protocols related to UVCI that were 
published after 2013. Multiple supporting literature was reviewed on the topics of pediatric 
nutrition related to cardiac surgery, assessment techniques and long term follow up of UVCI.  
The 2011 Oxford Centre for Evidence-Based Medicine (OCEBM) Levels of Evidence 
was used to evaluate the level of evidence (OCEBM Levels of Evidence Working Group, 2011). 
The majority of the articles reviewed included reviews, case reports, retrospective and 
prospective studies. There were no Level 1 or 2 experimental studies. The current research 
focused on evaluating the incidence of UVCI and contributing risk factors, demographics, co-
morbidities, feeding modalities and type of surgery. The majority of studies were cohorts 
consisting of only patent ductus arteriosus (PDA) ligation, which is rarely done surgically in 
current practice. 
There is little research on predictive values of individual symptoms aside from Kohr et al. 
(2003) evaluation of dysphagia and vocal cord paralysis. There were two studies that had 
protocols involving vocal cord assessment (Dewan et al., 2012; Pham et al., 2014). Future 
studies will need to evaluate long-term outcomes of UVCI including swallowing and vocal cord 
recovery, cost analysis of routine NPL and early identification of UVCI, hospital length of stay, 
predictive symptoms and co-morbidities and new vocal cord assessment modalities (Jabbour et 
al., 2014; Pasquali et al., 2014; Pham et al., 2014; Spataro et al., 2014; Strychowsky et al., 2014; 
Williams et al., 2015). 
 The most comprehensive study included is the meta-analysis completed by Strychowsky 
et al. (2014). This study included 32 prospective and retrospective studies on unilateral vocal 
cord paralysis from an original 162 studies and totaled 5,625 patients who underwent congenital 
heart surgery. There was a statistically significant association of UVCI with younger gestational 
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age (6 studies, n=399; p=0.0007), lower birth weight (5 studies, n=354; p=0.02) and lower 
surgical weight (6 studies, n=373; p=0.03). Gestational age is the term used to describe how far a 
long a pregnancy is, indicating if an infant was born pre, full or post term (Carlo, 2015). There 
was no statistical significance in age at the time of surgery (5 studies, n=318) or length of 
mechanical ventilation (5 studies, n=226) between patients with and without UVCI. Length of 
stay was only reported in 2 studies and showed a statistically significant longer stay in those with 
UVCI. Recovery of function was not statistically analyzed and had varying degrees of reporting. 
The researchers noted that there was a publication bias persistent in most analysis, low 
heterogeneity in population and non-uniform reporting. 
 There is little research on the predictive values of symptoms and UVCI. The only study 
found to discuss different indicators was completed by Kohr et al. (2003) that was limited by a 
small sample size (n=50) evaluating the incidence of dysphagia after pediatric open-heart 
surgery. Kohr et al. (2003) found no association of gestation age, birth weight or sex with 
dysphagia. The researchers discovered that poor oral intake and altered cry/voice after extubation 
is the most sensitive predictors of dysphagia, while coughing during feeding and gastric reflux 
were the most specific. This was the only study that indicated the need for a bedside feeding 
assessment and bedside nursing education. Rukholm, Farrokhyar, and Reid (2012) found that in 
postoperative PDA ligation surgery, low birth weight was the only statistically significant risk 
factor for left VCP (p=0.002). Rukholm et al. (2012) also found that gastroesophageal reflux 
disease (GERD) was the only statistically significant co-morbidity (p=0.002).  
 Strychowsky et al. (2014) indicated a need for a standardized protocol for early 
identification and evaluation for UVCI including routine vocal cord assessment with NPL. Only 
11 out of 32 studies included routine postoperative vocal cord assessments, accounting for only 
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10% of the total patients (n=584) included in the analysis. Of the patients who had routine NPL’s 
completed, 30% were found to have UVCI indicating a significant increase in occurrence in 
those patients routinely assessed.  
 The presence of dysphagia or swallowing dysfunction is reported in multiple studies. 
Strychowsky et al. (2014) did not analyze the presence or evaluation of dysphagia. The two 
studies found to have protocols involving vocal cord assessments also had a component of 
swallowing evaluation (Dewan et al., 2012; Pham et al., 2014). Averin et al. (2012) found a 
higher incidence of swallowing dysfunction in patients with vocal cord dysfunction than those 
without, and that those with swallowing dysfunction had median length of stay eight days longer 
than those without. Kohr et al. (2003) found an 18% incidence of dysphagia among postoperative 
pediatric open-heart surgery patients. Pham et al. (2014) found dysphagia in 65% of patients with 
abnormal vocal cord function.  
The assessment of both vocal cord function and swallowing function help guide safe 
feeding regimens. An inability to adequately protect one’s airway in patients with UVCI often 
requires an augmented feeding regimen with or without feeding tube. The vocal cords open and 
close to protect the airway (Noyes & Kemp, 2007). Averin et al. (2012) found that 46% of 
patients with UVCI after the Norwood operation was discharged exclusively tube fed compared 
to 26.9% of those without VCP. The Norwood operation is the first of a three-staged palliation 
for infants born with Hypoplastic Left Heart Syndrome (Park, 2014). It consists of ligation of the 
PDA, creation of a neo-aorta, establishment of pulmonary blood flow with either a BT shunt or 
RV-PA conduit and excision of the atrial septum (Park, 2014). Similarly, Dewan et al. (2012) 
found that patients without vocal cord paralysis were significantly more likely to be discharged 
home taking all nutrition by mouth. Pham et al. (2014) found that 79.5% of patients undergoing 
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surgical augmentation of the aortic arch required a modified feeding regimen. Sachdeva et al. 
(2007) found that only 13% of patients with UVCI were discharged on a regular diet.  
Summary and Implications  
Unilateral vocal cord immobility is a complex disorder that has significant impact on 
infants after cardiac surgery (Strychowsky et al., 2014). UVCI has considerable effects on patient 
safety, nutrition and overall hospital length of stay (Strychowsky et al., 2014). There are no 
standardized screening tools or protocols for evaluation of UVCI in infants. Current research has 
focused on identifying the incidence of UVCI and congenital heart surgery infants, with little 
research identifying predictive symptoms and risk factors to aid early detection. Future research 
should be aimed towards higher levels of evidence. Bedside flexible laryngoscopy is the tool 
most widely studied in pediatrics for vocal cord assessment (Averin et al., 2012; Hawkins & 
Clark, 1987; Jabbour et al., 2014). The overall consensus of studies evaluated for this review is 
the need for evaluation of vocal cord function in all infants after cardiac surgery.  
The inner city children’s specialty hospital site for this study has a 24-bed cardiac 
intensive care unit and 25 bed cardiac step down unit, with over 800 cardiac procedures 
performed annually (Children's Hospital of Philadelphia, 2016). There is no current protocol for 
confirming when infants after cardiac surgery are safe to feed by mouth or indication for a 
speech consultation or bedside flexible laryngoscopy (NPL).  
Attending physician preference is the most common variable in how patients with feeding 
difficulties are then assessed at this facility. Bedside nurses have no formalized education on 
assessing patients for increased risk of vocal cord paralysis or swallowing dysfunction within 
this institution. The early identification of UVCI will be a systems change to both the intensive 
care and step down front line providers and nurses. The actual screening of patients will require 
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education across multiple disciplines, most notably frontline clinicians and nurses. The increased 
requirement of both NPL and modified barium swallow studies will directly affect the workload 
of the ENT service, speech therapy, occupational therapy and fluoroscopy. 
Purpose and Clinical Question 
 The goals of this project are to improve feeding safety and decrease the hospital length of 
stay in the high-risk patient population with UVCI through examination of risk factors and 
incidence of vocal cord immobility. This will provide information to pre-screen high-risk infants 
preoperatively and to examine the diagnosis process for vocal cord immobility to promote earlier 
diagnosis, treatment, safer feeding and decreased length of stay.  
Clinical Question 
 What is the incidence and what are the risk factors of unilateral vocal cord immobility in 
neonates (0-30 days old) undergoing cardiac surgery from January 1, 2015 to January 1, 2016.  
Methodology and Implementation 
Framework  
 The theoretical framework used in this project is Lewin’s Change Theory. Kurt Lewin 
(1890-1947) is known for his work on group dynamics and is considered the father of social 
psychology (Schein, 1996). Lewin’s three-staged model of change forces one to reject and 
replace current knowledge by analyzing the driving and restraining forces before implementing 
change (Schein, 1996). This project aims at evaluating the current practice in diagnosis and 
managing patients with UVCI. The unfreezing stage includes creating an environment ready for 
change. By evaluating current practices as it related to UVCI, there will be stronger evidence 
when trying to gain stakeholder support. Future work will include quality improvement 
initiatives aimed at consistent identification and management of UVCI is the essence of the 
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change stage. Finally, there will be re-freezing at which time the standardization of UVCI 
diagnosis and treatment will be the new norm (See Figure 1).  
Sample 
The retrospective chart review included all neonates who underwent cardiac surgery 
within the first 30 days of life from January 2015 to January 2016. Patients that did not survive 
were excluded. 
Setting 
The inner city children’s specialty hospital that was the site for this study is a 534-bed 
urban general pediatric hospital. It is the first hospital in the United States dedicated to the care 
of children. Over 800 surgeries are performed within the cardiac center at this hospital each year 
(Children's Hospital of Philadelphia, 2016).  
Measures 
Patients that met inclusion criteria in the specified time frame were identified utilizing the 
Pediatric Cardiac Critical Care Consortium (PC4) data registry (Pediatric Cardiac Critical Care 
Consortium, 2016). The PC4 collects demographic, diagnoses and comorbidities, procedures and 
outcome data across multiple institutions (Gaies et al., 2015).  
Data collected was received de-identified and included gender, hospital length of stay, 
birth weight, gestational age, weight, operation age, type of surgical procedure, and diagnosis of 
vocal cord dysfunction.  
Evaluation 
The research department was utilized for access to the PC4 registry. Dashboards within 
the registry were used to ensure all patients meeting inclusion criteria were identified. Statistical 
significance was established at 0.05. Statistical analysis was performed using IBM SPSS version 
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19.0. Descriptive statistics was examined to determine incidence of vocal cord immobility. 
Outcomes 
            The final data analysis and findings will be presented through a poster presentation at the 
site of the study, and subsequent Pediatric Cardiology Conference in 2017. The data will be 
further reviewed and published in a pediatric or cardiology journal.  Further discussions on a 
standardized assessment and management protocol will be created with the collaboration of 
speech therapists, nursing, ENT and the front line clinicians. Future research should focus on the 
evaluation of return of function in the same population.  
Data Management and Analysis 
Introduction 
The main purpose of this project was to improve feeding safety and decrease the hospital 
length of stay in this high-risk patient population with UVCI through examination of risk factors 
and incidence of vocal cord immobility. For statistical analysis, diagnosis of vocal cord 
dysfunction (no/yes) was the dependent variable, and gender, hospital length of stay, birth 
weight, gestational age, weight at the time of surgery, operation age, and type of surgical 
procedure were the independent variables. T-tests and Chi-Square/Fisher’s exact analyses were 
used to examine the associations between each independent variable and vocal cord dysfunction. 
Demographics and Study Variables 
Descriptive statistics were used to observe the distributions of the demographic and study 
variables. Table 1 shows a summary of the independent variables (gender, hospital length of 
stay, birth weight, gestational age, weight, operation age, and type of surgical procedure). 
Hospital length of stay ranged from 5 to 205 days with an average length of 31.05 days (SD = 
35.64). Birth weight ranged from 1 to 5 kilograms, with an average birth weight of 3.02 
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kilograms (SD = 0.79). Gestational age ranged from 24 to 42 weeks, with an average gestational 
age of 37.49 weeks (SD = 3.37). Weight at the time of surgery ranged from 1 to 6 kilograms, 
with an average weight of 3.10 kilograms (SD = 0.79). And operation age ranged from 0 to 29 
days, with an average operation age of 8.26 days (SD = 6.88). There were a higher number of 
females (58.5%, n = 79) compared to 41.5% (n = 56) males. Type of surgery was placed into two 
different categories, defining surgeries with aortic arch involvement (aortic arch repair, arterial 
switch operation, Norwood procedure, PDA closure, modified BT shunt, central shut from aorta, 
truncus arteriosus repair, and Yasui operation) compared to surgeries without aortic arch 
involvement (Ebstein’s anomaly repair, PA banding, pacemaker placement, pulmonary vein 
stenosis repair, Rastelli operation and tetralogy of fallot repair). In the sample, most surgeries 
involved the aortic arch (83.0%, n = 112), with 17.0% (n = 23) without arch involvement. For 
the statistical analyses, all of the demographic variables were used as independent variables.  
Table 1     
   
Summary of Demographics (n = 135) 
 
 Mean SD 
Hospital Length of Stay (days) 31.05 35.65 
Birth weight (kg) 3.02 0.79 
Gestational Age (weeks) 37.49 3.37 
Weight (kg) 3.10 0.79 
Operation Age (days) 8.26 6.88 
   
 N  Percent 
Gender   
Male 56 41.5 
Female 79 58.5 
   
Type of Surgery   
With Arch Involvement  112 83.0 
Without Arch Involvement 23 17.0 
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The dependent variable, incidence of unilateral vocal cord immobility (UVCI), is 
summarized in Table 2. There were nine patients (6.7%) identified with unilateral vocal cord 
immobility, and 126 patients (93.3%) without unilateral vocal cord immobility. The incidence of 
unilateral vocal cord immobility in this patient population is 6.7%.  
Table 2     
   
Summary of Unilateral Vocal Cord Immobility (UVCI) 
 
 N Percent 
No 126 93.3 
Yes 9 6.7 
 
Statistical Methods 
The research question asked, “What is the incidence and what are the risk factors of 
unilateral vocal cord immobility in neonates (0-30 days old) undergoing cardiac surgery from 
January 1, 2015 to January 1, 2016.” To examine this question, continuous independent variables 
were observed by unilateral vocal cord immobility (no, yes) using t-tests, and categorical 
independent variables used Chi-Square or Fisher’s Exact tests. IBM SPSS (version 19.0, SPSS 
Inc, Chicago, IL) statistical software was used for data analysis.  
Results 
Results of the statistical analyses are summarized in Table 3. Of the patients diagnosed 
with UVCI, the mean length of hospital stay was 53.0 days (SD = 48.5). For those without UVCI 
the mean stay was lower at 29.5 days (SD = 34.3). There was no significant difference in length 
of hospital stay between those with and without UVCI (p = 0.200). Similarly, there were no 
significant differences for birth weight (p = 0.711), gestational age (p = 0.694), weight at the 
time of operation (p = 0.689), and operation age (p = 0.125), between those with and without 
UVCI. 
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Of the patients diagnosed with UVCI, there was a visible female predominance (66.7%). 
However, patient sex was not found to be a statistically significant risk factor for LVCP (p = 
0.443). And finally, 88.9% of patients diagnosed with UVCI had surgeries with arch 
involvement, type of surgery was not statistically significant (p = 0.526).   
Table 3      
    
Baseline Characteristics with Vocal Cord Immobility (UVCI) 
 
 No UVCI UVCI p-Value 
 N = 126 N = 9  
Hospital Length of Stay (days) – Mean (SD) 29.5 (34.3) 53.0 (48.5) 0.200 
Birth weight (kg) – Mean (SD) 3.0 (0.8) 3.4 (0.9) 0.711 
Gestational Age – Mean (SD) 34.7 (3.4) 38.3 (2.5) 0.694 
Weight (kg) – Mean (SD) 3.1 (0.8) 3.6 (0.9) 0.689 
Operation Age (days)– Mean (SD) 7.9 (6.8) 12.1 (8.4) 0.125 
    
Gender   0.443 
Male – N (%) 53 (42.1%) 3 (33.3%)  
Female – N (%) 73 (57.9%) 6 (66.7%)  
    
Type of Surgery   0.526 
With Arch Involvement – N (%) 104 (82.5%) 8 (88.9%)  
Without Arch Involvement – N (%) 22 (17.5%) 1 (11.1%)  
 
 The main purpose of this project was to improve feeding safety and decrease the hospital 
length of stay in patients undergoing cardiac surgery within the first 30 days of life through 
examination of risk factors and incidence of UVCI. Results of the statistical analyses showed 
that none of the independent variables of interest were significant associated with incidence of 
unilateral vocal cord immobility. 
Strengths and Limitations 
            The strengths of this study include utilization of the quality-controlled data in the PC4 
registry. The PC4 registry allowed for streamlined data gathering and analysis. While not 
VOCAL CORD IMMOBILITY AFTER CARDIAC SURGERY                               21 
	
statistically significant, there was longer average of stay, which should gain stakeholders support 
in additional quality improvement initiatives. This also demonstrated a clear need for additional 
data gathering for a broader look at possible risk factors. The overall UVCI incidence rate was 
similar to that of the large meta-analysis by Strychowsky et al. (2014), there is a likely higher 
incidence rate if routine NPL assessment as utilized.  
Limitations include the inability to gather data outside of the registry parameters and 
further exploration of symptoms as related to UVCI. Further, without assessment of all patients’ 
vocal cords in the postoperative period, true incidence of UVCI cannot be established.  
Implications for Nursing 
 A clear understanding of the risk factors for UVCI is crucial to ensuring optimal nutrition 
and safety for these at-risk infants. The ability to identify the major risk factors of UVCI would 
consequentially decrease delayed nutrition, as well as the length of the patient’s hospital stay 
(Strychowsky et al., 2014).  The latter can be particularly imperative for parents and/or 
caregivers of the patient, as, according to a multi-center analysis of excess costs associated with 
prolonged length of hospital stay following congenital heart surgery, each additional day above 
the median length of stay had an excess cost of more than $19,000 (Pasquali et al., 2014). By 
identifying the early risk factors of UVCI, health care professionals can indirectly lower these 
excess costs for parents and/or guardians by decreasing the patient’ length of hospital stay.  
This suggests the ability to work toward the development of standardization in the 
assessment, management and follow-up care for infants with UVCI after cardiac surgery. This 
review can be utilized as a platform for understanding the heterogeneity of this population of at 
risk infants that will need a more in-depth review to fully appreciate the true incidence of UVCI 
and it’s associated risk factors for early identification. This information can be used for 
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education of nurses as they provide care for these infants, identifying symptoms of UVCI and 
notifying providers for further evaluation of safe feeding. It also revealed the broader problem of 
lack of follow up and surveillance of these patients to appreciate the rate of recovery and long-
term complications.  
Summary 
 Unilateral vocal cord immobility (UVCI) has been identified as a risk factor for delayed 
nutrition and prolonged length of stay after surgery. This retrospective review evaluated the 
incidence and risk factors associated with this at risk population of infants who underwent 
congenital heart surgery within the first 30 days of life from January 2015 to January 2016 at an 
inner city children’s specialty hospital. Patients were identified through the Pediatric Cardiac 
Critical Care Consortium database. The incidence of UVCI was 6.7% of the 135 patients 
included in this review. There were no statistically significant risk factors identified, although 
there was a slight female predominance (66.7%) and those with aortic arch involvement (88.9%). 
The lack of heterogeneity of the study population and the insignificant number of patients 
diagnosed with UVCI made understanding risk factors with the data available difficult. Future 
studies should focus on more in-depth data review as well as more consistent evaluation of 
UVCI to understand the true incidence.   
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Appendix A 
 
Table 1. Table of Evidence  
 
Author/Year Objectives Level and Design Results Limitations 
Averin et al. 
(2012) 
Evaluate the incidence 
of vocal cord and 
swallowing dysfunction 
in infants after the 
Norwood operation and 
to examine the 
relationship between 
laryngopharneal 
dysfunction and post 
operative outcomes 
Level: 4 
 
Design: Retrospective 
review of 63 infants 
who underwent 
fiberoptic endoscopic 
evaluation of 
swallowing function 
and vocal cords from 
2003-2009 
- Incidence of VCP 58.7% 
- Decreased incidence with surgical 
technique change 
- Swallowing dysfunction was more 
common in patients with VCP  
- Patients with VCP were more 
likely to be discharged on tube 
feeds then those without 
- Median LOS was longer in infants 
with swallowing dysfunction 
- No preopartive 
evaluations 
completed 
- No follow up 
information 
 
Dewan et al. 
(2012) 
Study the incidence and 
implications of vocal 
cord paresis following 
congenital neonatal 
cardiac surgery 
Level: 4 
 
Design: Retrospective 
chart review of all 
neonates  (N=76) who 
underwent median 
sternotomy for cardiac 
surgery May 2007-May 
2008 with NPL and 
swallowing evaluations. 
- 19.7% incidence of VCP 
- Prolonged hospitalization for 
those with VCP (p=0.02) 
- Significant morbidity related to 
nutrition for those with VCP 
(p=0.02) 
- No preoperative 
assessment 
- Cannot rule out 
other reasons of 
swallowing 
difficulties other 
then VCP 
-  
Jabbour et al. 
(2014) 
Characterize the natural 
history of pediatric VFI, 
including symptoms and 
rates of resolution and 
surgical intervention 
Level: 4 
 
Design: Retrospective 
review all patients seen 
between 2001-2012 
(n=362) 
- LVFI incidence of 66.8%, RVFI 
incidence of 7.9% and bilateral 
VFI 25.3% 
- Median age at presentation was 
2.9 months 
- Cardiac surgery cause of 68.8% of 
cases 
- Median time of resolution was 4.3 
months 
- Spanned over 
transition from 
written to electronic 
records 
- Co-factors possible 
causation for VFI 
Kohr et al. 
(2003) 
Determine the incidence 
of and risk factors 
contributing to 
dysphagia in pediatric 
patients after open heart 
procedures 
Level: 3 
 
Design: 50 patients 
evaluated after open 
heart surgery with TEE 
March 1, 1999-
September 30, 1999. 
Diagnosis made via 
speech and swallowing 
evaluation.  
- Dysphagia found in 18% of 
patients  
- Risk factors: < 3 years old, 
intubation prior to operation, 
intubation > 7 days, operation for 
left sided obstructive lesions, size 
of the TEE probe related to weight  
- VCP incidence of 8% 
- At discharge, NG feeds were 
required in 12% of patients, 
thickened feeds in 6% of patients 
- Resolution of dysphagia was from 
13-150 days 
- Small sample size 
- No control group, 
actual effect of TEE 
could not be 
assessed 
 
Pham et al. 
(2014) 
Determine the incidence 
of VCP and dysphagia 
after aortic arch 
reconstruction including 
Norwood procedures 
Level: 4 
 
Design: Retrospective 
cohort of neonates from 
2005-2012 (n=151) 
- VCP found in 57.6% of patients 
- Dysphagia incidence was found in 
73.% of Norwood and 69.2% of 
arch subjects with VCP 
- Dysphagia was found in 56% 
Norwood and 61% of arch without 
VCP 
- 79.5% required feeding evaluation 
and modified feeding regimen 
- Selection bias 
- Low rates of long 
term follow up 
Rukholm et al. 
(2012) 
Determine the 
prevalence of LVCP 
Level: 4 
 
- 17.1% incidence of LVCP - Retrospective 
- No routine NPL 
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after PDA ligation, 
identify risk factors 
associated with LVCP, 
identify co-morbidities, 
determine frequency of 
pre and post operative 
NPL examinations  
Design: Retrospective 
chart review of all 
infants between 2003-
2010 (n=111). 
- Risk factor: Low birth weight 
(p=0.002) 
- Co-morbidity: GERD (p=0.002) 
- Only 0.9% were scope 
pre0operatively and 27.9% were 
scoped post operatively 
- Lack of objective 
diagnostic criteria 
for GERD 
- No routine 
preoperative 
evaluations 
Sachdeva et al. 
(2007) 
Evaluate the impact of 
vocal cord dysfunction 
on feeding in children 
after cardiovascular 
surgery 
Level: 4 
 
Design: Retrospective 
review 2000-2006 of 
patients diagnosed with 
VCP 
- Incidence of VCP 1.7% (38/2255) 
- At discharge, 18 feed via GT, 13 
PO, 3 NG and 4 PO+NG. At follow 
up 20 PO, 1 NG, 7 GT, 7 GT/PO 
- Retrospective 
- No follow up 
evaluations 
Strychowsky et 
al. (2014) 
Identify and appraise the 
evidence for the 
occurrence of UVCP 
after congenital 
cardiothoracic surgery 
Level: 3 
 
Design: meta-analysis. 
Of the 162 identified 
studies, 32 met criteria. 
N=5625 patients 
included.  
- Incidence of VCP 9.3% among all 
studies 
- Among 11 studies with routine 
NPL VCP was 29.8%dies (n=584) 
- 21 studies (n=2748) evaluating 
after PDA ligation, VCP was 8.7%.  
- Risk factors: younger gestation 
age, lower birth weight, lower 
surgical weight 
- Heterogeneity 
- Variability in type of 
surgery, assessment, 
demographics 
- Mainly case series 
No level 1 or 2 
studies 
Truong et al. 
(2007) 
Determine the rate of 
recovery of pediatric 
vocal cord paralysis 
after cardiac surgery 
Level: 4 
 
Design: Retrospective 
case study from January 
2000-2005 at 4 tertiary 
care pediatric hospitals 
(n=109) 
- 35% recovered VC function with 
median recovery time of 6.6 
months 
- 65% had persistent VCP with 
median follow up time at 16.4 
months 
- 45% demonstrated aspiration with 
MBS 
- 27% underwent surgical 
intervention of their airway 
- Variable follow up 
times  
- Retrospective 
 
Simplified key for levels of evidence (OCEBM Levels of Evidence Working Group, 2011) 
Level 1: Systematic review of cross sectional studies, case-control studies, randomized trials or cohort studies, current random 
sample surveys 
Level 2: Cross sectional studies, cohort studies, randomized trial or observational study 
Level 3: Non-random sample, non-consecutive studies, cohort or control arm of randomized trial, non-randomized controlled 
cohort or follow up study 
Level 4: Case series 
Level 5: Mechanism-based reasoning   
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Appendix B 
Figure 1. Theoretical Framework 
Adaptation from Lewin’s (1947) change theory 
 
  
Unfreeze
•Understanding	of	current	
practices
•Institution	specific	data
•Stakeholder	buy‐in
Change
•Nursing,	front	line	providers,	
attending	physicians,	ENT	
subspecialists	and	speech	
therapist	education	on	protocol
•Adaptation	of	current	practice	to	
include	UVCI	standardized	
protocol
Refreeze
•UVCI	Protocol	as	norm
•Evaluation	of	buy‐in	and	
successful	change	
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Appendix F 
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